We studied age, growth, and maturity of the oceanic whitetip shark Carcharhinus longimanus in the North Pacific, and the reproduction in the North and South Pacific, captured with tuna longline from Nov. 1967 to Oct. 1995. Vertebral rings were examined from 111 males (precaudal length: 54-172 cm) and 114 females (precaudal length: 50-195 cm). Minimum and maximum numbers of translucent rings were 0 and 11. Marginal increment analysis suggested annualus deposition occurs during spring. A growth difference between sexes was not found. A von Bertalanffy growth equation combining both sexes was as follows;
In recent years, fishery by-catch has been regarded as a threat to marine biodiversity. Elasmobranchs are especial ly vulnerable to fishing pressure because of their low abun dance, late maturity and low fecundity.1) On the other hand, elasmobranchs have been exploited as both food fish and medical materials. Historically, sharks were dis carded because of their low commercial value, but in the latest years sharks have been considered a promising resource for anti-cancer treatment, artificial skin, and anti-blood coagulation medicine. 2) Though biological information on shark resources is re quired for rational exploitation and fisheries knowledge, such information is limited for many species.3) Particu larly, basic information such as annual growth rate and maturity size is quite deficient for many oceanic species be cause of difficulty in sampling in the oceanic regions.
The oceanic whitetip shark Carcharhinus longimanus is a large species, attaining 3.5 m in total length, and widely distributed in the surface layer of warm waters far at sea.4-10) Strasburg6) suggested the oceanic whitetip shark is the second most abundant carcharinoid in the North Pacific. Bonfil11) estimated annual catches of the oceanic whitetip shark in the North Pacific tuna longline fisheries to be more than 7,200 fishes based on the catch rates reported by Strasburg6) and total fishing efforts (hooks) es timated by Nakano and Watanabe.12) However, very little is known about the biology of the oceanic whitetip shark. Only one study9) on the age and growth is available, based upon the centrum observation of 13 sharks. We report here age, growth and reproduction of the oceanic whitetip shark from the Pacific Ocean employing examination of vertebral rings and gonadal conditions.
Materials and Methods
Samples and biological data were collected from four researches aboard institutional tuna longline fishing ves sels in the Pacific from November 1967 to October 1995 ( Fig. 1, Table 1 ).
Age and growth of the oceanic whitetip shark were ana lyzed from vertebrae collected in the three researches several minutes, and soaked into 100% ethanol. Finally, the section was packed with Euparal and cover glass. Sections were observed and measured using a Nikon Profile Projector V-16E (Nippon Kogaku K.K.) with trans mitted light. Centrum radius and ring radius were meas ured to the nearest 0.001 mm. The centra of carcharhinid sharks are well calcified, and concentric annuli are formed as concentric depressions on the centrum face (corpus cal careum). Furthermore, the annuli bordered with hard stained bands in corpus calcareum, and well stained stratified structures pass through the intermedialia, con necting both side of this mark. The centrum radius was measured as a perpendicular line from the notochordal remnant (focus) to the end of corpus calcareum (inner mar gin of the corpus calcareum. Fig. 2 ), and ring (annulus) radii are measured in the same way to each depression. In the case where wavy structures were not clear in the corpus calcareum, the measurement was made at the end of hard stained part in the corpus calcareum. All samples were counted for four times without knowledge of the length of the specimen, and only the data were used if the counts agreed three times.
Marginal increment analysis was performed to verify the periodicity of ring formation. Marginal increments were calculated by dividing absolute marginal increment widths by the width of the last fully formed ring. Obtained margi nal increments were compared by month of capture. The centra of embryos and neonates were compared to deter mine when the birth ring forms. The estimated precaudal lengths at the time of annulus formation were back-calcu lated from mean values of each ring radius. A von Ber talanffy growth function was fitted using the Akamine's computer program by the least squares method.15) The PL at-age from the von Bertalanffy growth curve was com pared with the observed PL-at-age at capture. Age at cap ture was determined based on the number of annuli and marginal increments.
The measurement data and clasper, testis, ovary (right Marginal increment analysis indicated annuli form in spring (Fig. 4) . Marginal increments were small in March and May, and increase gradually thereafter. Age was as The curve fit very well to back-calculated and observed PL (Fig. 5) . Fig. 5 . The von Bertalanffy's growth curve fitted to mean back-calculat ed lengths at age for each age-class, sexes combined, based on cen trum analysis for the oceanic whitetip shark from the North Pacific. The age at capture is the sum of number of annuli and marginal in crements (neonate's age-at-capture is only the number of annuli).
Reproduction
The relationship between precaudal length (PL) and body weight (BW) was different between sexes (ANCOVA, F0=14.738 <F(1,00) (0.05)): We determined that male maturity is reached at 120 -140 cm PL. Testes weights between May and July in creased with precaudal lengths, and showed rapid increase from 120 cm PL (Fig. 6) . The beginning of testis ripeness Precaudal Length (cm) Fig. 6 . The relationship between precaudal length and testis weight for 102 males of the oceanic whitetip shark in the North Pacific.
seems to be 120 cm PL judging from the winding distribu tion of testes weight. Clasper length of 136 males increased rapidly between 100 and 140 cm PL (Fig. 7) . Claspers lon ger than 180 mm were calcified, and specimens with them had semen (Fig. 7) . Claspers over 180 mm were not seen in individuals less than 110 cm PL, but were observed at 112 cm PL. The percentages of such individuals were 35.7% in the 121-130 cm PL class, 78.9% in the 131-140 cm PL class and almost all males larger than 141 cm PL had claspers over 180 mm. Following Bass et al.7) that males are considered mature when the claspers are fully grown with the rigid cartilage, our data indicate male maturity was reached completely when clasper lengths extended over 180 mm. Therefore, maturity occurs between 110 and 140 cm PL, and most males mature between 125 and 135 cm PL (175-189 cm TL). Male mature size in this study cor responds to the age between four to five years old in our growth curve. The smallest pregnant female was 98 cm PL (Fig. 8) . We could not obtain pregnancy ratio because pregnancy was not fully investigated, but until 130 cm PL, the frequency of occurrence of pregnant females was low. Ovary weights ( Fig. 9 ) and egg diameters (Fig. 10) increased with precaudal lengths, and the latter scattered suddenly from 121-130 cm PL class. The largest egg diameter within the smallest pregnant female was 6.3 mm. The ratio of females with eggs over 6.0 mm in diameter to all females within the same precaudal length class was 50% in 111-120 cm PL class, and all females over 141 cm PL had large eggs (Fig.  10 ). Most female maturity seems to be reached at 125-135 cm PL at the age of about four to five years old. The maxi mum egg size was 35 mm for non-pregnant females and 23 mm for pregnant females. The pregnant females do not seem to get pregnant again soon after parturition. The size of embryos overlapped with the size of ne onates at 40-55 cm (55-75 cm TL, Fig. 11 ), therefore this is the birth size. However, the 40 cm neonate is quite small in comparison with another neonates, suggesting that the neonate was premature. Therefore the usual birth size can be estimated between 45 and 55 cm PL. In the North Pacific, small embryos (less than 50 mm PL) were ob served from June to July, mid-term embryos (50-200 mm PL) from July to January, large embryos (larger than 450 mm PL) from January to June, and small free swimming individuals (smaller than 600 mm PL) from February to July and November (Fig. 12) . In the South Pacific, small to mid-term embryos were observed in November and large ones in February and September. Our data were not enough to support a well defined reproductive season but rather showed an extended period of parturition.
The litter sizes for 97 pregnant females from the North Pacific ranged from 1-14, with a mode of five and an average of 6.2. Sex ratio was 1:1 for each litter and total embryos (622 individuals, x2=0.890, p>0.05). The relationship between mother's precaudal length and litter size was:
where X is mother's precaudal length and Y is litter size (Fig. 13) . There was no significant relationship between mother's precaudal length and litter size in the South Pacific perhaps for too small sample size. The litter size in the South Pacific varied from 1-12 with an average of 5.5.
The nursery area in the North Pacific seems to be in the central Pacific judging from the distribution of neonates smaller than 60 cm PL and pregnant females with large em bryos over 450 mm PL (Fig. 14) .
Discussion
For the oceanic whitetip shark, vertebral rings from 13 individuals were examined by Saika and Yoshimura.91 Almost none of our ring counts agreed with their results. They may have counted ancillary rings present in the inter mediaria and the corpus calcareum. Our growth parameters did not agreed with the estimated range calcu lated by Branstetter'bl based on Bass et al.7) Backus et al.5) and Saika and Yoshimura.9) Branstetter16) regarded the oceanic whitetip shark as a slow growth species (growth coefficient K<0.10) like the bull shark Carcharhinus leu cas and the sandbar shark Carcharhinusplumbeus. Follow ing his opinion, our estimation value of K (K=0.103) classifies the oceanic whitetip shark into the rapid growth species (K>0.10) like the silky shark Carcharhinus fal ciformis and the blue shark Prionace glauca.
The reported largest shark is 3.5 m TL (250 cm PL) which Bigelow and Schroeder4) had an exact measurement. Bigelow and Schroeder4) suggested the maximum size of 365-395 cm TL (261-283 cm PL), but Backus et al.5) esti mated smaller. Our result (L,=245 cm PL) followed Backus et al.,5)but the possibility of regional difference also needed to be considered.
Saika and Yoshimura9) estimated testes ripened at 168 cm TL from the observation of testes tissue for seven males, and maturity was at 170-180 cm TL (121-128 cm PL) from clasper lengths for 14 males in the western Pacific. This is similar to our data. However, they did not investigate the body size at the clasper calcification. The calcification finishes at the full elongation, and hence, it is more appropriate to consider the mature size as a little larg er than their estimates. Bass et al.7) suggested 194 cm TL is a border line between mature and immature males in South African waters. This is larger than our estimate, and may be due to a regional difference in populations of this species.
Bass et al.7) judged signs of maturity in females by dis tinct eggs in the ovary and expansion of the uterine, and es timated maturity size as 170-180 cm TL (122-129 cm PL). Saika and Yoshimura9) reported the mature female of 171 cm TL (122 cm PL) from their observation on eggs and uteri. Uterine form was not investigated in this study; maturation was based on pregnant females, ovary weight and egg size. The occurrence of the 98 cm pregnant female is unusual because pregnant female less than 125-135 cm PL (175-189 cm TL) have rarely observed in the longline fisheries [Seki: unpubl. data]. Therefore females reach maturity at sizes over 125-135 cm PL. The estimated ma ture size of female is similar to other studies .7,9) The very small pregnant female may suggest that we are dealing with some local sub-population which matures at a smaller size and does not attain as large as the maximum length.
Backus et al.5) and Bass et al.9) estimated parturition oc curs from late spring to summer. Saika and Yoshimura9) suggested protracted periods of parturition and mating. Our data on embryo size distribution do not show an ap-parent parturition period but a quite extended duration over the year. However, it is possible to estimate that con ception occurs between June and July, and parturition oc curs between February and July in the North Pacific. If it is the case, the gestation period may be considered to be 9 12 months, which agrees with the result of Backus et al. 5) On the other hand, conception seems to occur in Novem ber in the South Pacific, judging from embryo size distribu tion shown in Fig. 12 . It is also possible to estimate that the oceanic whitetip shark does not have a well defined reproductive cycle because of embryo occurrence in almost every month when data were obtained. Since we have limited data on reproduction in time and space, fur ther efforts for the collection of biological data, particu larly in time between August and January and in the South Pacific region, are needed to clarify reproductive habits of the oceanic whitetip shark with wide distribution.
The result for birth size in this study, 40-55 cm PL (55 -77 cm TL) indicates the wider range (of birth size) than the estimation by other studies.5,7,9) The litter size, correlation between the length of the mother and the litter size and the sex ratio of embryos are similer to other reports.7,9)
The oceanic whitetip shark has a nursery ground in the oceanic region. This tendency differs from that of some rapid growth oceanic species like the silky shark and the night shark Caricharhinus signatus. Their neonates inhabit the deep reef areas along continental shelf edge to escape predation risk from large sharks.16) The oceanic whitetip shark seems to have a different survival strategy from the above species. Rapid annual growth and rapid maturity may be necessary to survival strategy of the oceanic whitetip shark.
Backus et al.5) discussed that pregnant females would not mate during the coming summer judging from the fact that pup-bearing females had much smaller eggs than non pregnant females. Our measurement of egg size agrees with Backus et al.5) Age and growth, age at maturity, litter size, gestation period and frequency of pregnancy are very important in the stock management of sharks. This study elucidated some of these important life-history parameters.
